Expression of mRNA of endothelin-1 (ET-1) and its receptors, endothelin receptor A (ET-A
Introduction
contain epididymal duct. There are different cell types described in the literature in various regions of the epididymis. Efferent Endothelin-1 (ET-1) is a potent vasoconstrictor identified for the ducts contain different types of ciliated cells and non-ciliated first time in porcine aortic endothelial cells (Yanagisawa et al., cells (Yeung et al., 1991) . In the human epididymal duct four 1988). It belongs to a family of peptides which are 21 amino acids cell types can be identified: principal cells, basal cells, clear in length. Endothelins can bind to two subtypes of receptors, cells and halo cells (Holstein, 1969; Robaire and Hermo, 1988) . endothelin receptors A and B (ET-A, ET-B). These receptors Efferent ducts are responsible for major fluid absorption and belong to the family of G-protein-coupled receptors, having secretion processes. It is conceivable that vascular permeability seven transmembrane domains. ET-A and ET-B show different plays an important role in this. Therefore we have undertaken a affinities for the endothelins: ET-A has relatively higher affinity detailed study on the distribution of various vasoactive subfor ET-1 while ET-B exhibits equal affinity for all members of stances in human epididymis. ET-1 is one such potent substance. the endothelin family (Arai et al., 1990) . ET-1 is able to induce
In this report we present evidence showing that ET-1 is produced contractions of vascular and non-vascular smooth muscle and endogenously in the epididymis. Furthermore we have localized possibly plays a role in both local and systemic regulation of the sites of ET-1 production as well as the sites where its receptors blood flow (Simonson and Dunn, 1990) . In the vascular system, are expressed in this tissue. endothelial cells express mainly ET-B while vascular smooth muscle cells express mainly ET-A but also ET-B. Both receptor subtypes contribute to vasoconstriction (Clozel et al., 1992; Seo Materials and methods et al., 1994) .
Normal epididymal tissue was obtained from 14 patients who were
In the human reproductive system, ET-1 or its receptors have orchiectomized because of cancer of the prostate and had not been found in the uterus, testis and seminal fluid (Davenport received any anti-androgen therapy. Permission was obtained from et al., 1991 et al., , Hammami et al., 1994 Maggi et al., 1995; Collett the university ethic's committee. et al., 1996) . So far, no report has appeared demonstrating the presence of ET-1 or its receptors in epididymis, a tissue important
Reverse transcription-polymerase chain reaction (RT-PCR)
for storage and maturation of spermatozoa (Cooper, 1995) . MorEpididymal tissue from four patients was dissected into caput, corpus phologically, human epididymis is commonly divided into three and cauda and total RNA was prepared from each of these tissue major parts: caput, corpus and cauda epididymidis (Morita, segments using RNAzol (AGS, Heidelberg, Germany). Aliquots of 1966; Holstein, 1969; Robaire and Hermo, 1988; Saitho et al., 1.5 µg RNA from each tissue segment were reverse transcribed in 1990). Caput epididymidis contains mainly parts of efferent oligo (dt)-primed reverse transcription (RT) reactions with Superscript reverse transcriptase from Gibco-BRL (Eggenstein, Germany) ducts (Yeung et al., 1991) while corpus and cauda epididymidis Immunohistochemistry Epididymal tissue from 10 patients was used for immunohistochemistry. The following technique was employed (Davidoff and Schulze, 1990) : the whole epididymides were fixed by immersion in Bouin's fluid for 24 h at 20°C and embedded in paraffin wax after dehydration in alcohol of ascending concentrations. Longitudinal sections, 6-8 µm thick, through the whole epididymides were mounted on chrome-gelatine precoated slides. After deparaffinization and rehydration, the sections were treated with 1.5% H 2 O 2 in absolute methanol to inhibit endogenous peroxidase activity and then with 2% normal rabbit serum (ET-A and ET-B) or 2% normal swine serum (ET-1) in phosphate-buffered saline (PBS) to block non-specific binding sites. The sections were then incubated for 24 h at 4°C in a humid chamber with the primary antibodies. We used a polyclonal antiserum (rabbit) specific for ET-1/2 (Immundiagnostik, Bensheim, Germany) having a cross-reactivity with BigET-1 Ͻ1% according to the manufacturer's analysis sheet, at a (PAP) technique with the ABC complex method in its single variation was used. Peroxidase activity was visualized using the nickel-glucose oxidase technique according to Itoh et al. (1979) as modified by according to the manufacturer's instructions. Aliquots of 2 µl of Záborszky and Léránth (1985) . reverse transcribed cDNAs were used for amplification of mRNA
In control experiments the primary antibody was replaced by a presequences coding pre-proendothelin-1, the precursor peptide of ET-1 absorption solution which contained the primary antibody in the usual and the endothelin receptor subtypes A and B. Primers were designed concentration preincubated with the respective peptide for 24 h at 4°C. according to the published sequences coding for ET-1 (Itoh et al., Control experiments were also carried out using a solution containing 1988): 5Ј-TCT CCA CCG CCG CGT GCG CCT GCA GA-3Ј (sense, PBS-bovine serum albumin (BSA)-NaN 3 instead of the primary position of nucleotides 43-68 nt), 5Ј-TCC CCA GAT GAA AGA antibody. AGA GAC CAA AG-3Ј (antisense, positions 1097-1122 nt) and for a probe for hybridization that was generated by PCR with nested primers corresponding to 386-407 nt and 950-973 nt of published
Results
sequence. Further primers were designed for ET-A according to the sequence published by Elshourbagy et al. (1993) (Ponte et al., 1984) .
ET-1
RT-PCR assays (50 µl) were performed with 0.5 IU BioTherm
Immunohistochemically, ET-1 protein was localized mainly in DNA Polymerase (Gene Craft, Münster, Germany), with buffer the ciliated cells and in some basal cells of the efferent ducts recommended by the manufacturer, in the presence of 50 pmol of (Figure 2a) . Along the course of these ducts immunohistochemieach primer. Four steps with two cycles of 95°C and 72°C for 1 min cal staining patterns were found to be somewhat non-homogeneach and a touch down of 3°C each annealing temperature from 62°C eous. In certain segments a strong ET-1 immunoreactivity was to 53°C for 45 s were performed. The fifth step contained 35 cycles found in both ciliated and non-ciliated cells while in others, e.g. using an annealing temperature of 50°C for 30 sec. A final elongation the terminal parts (Figure 2b ) of these ducts, only ciliated cells for 10 min at 72°C was used for amplification of transcripts.
were positive. Smooth muscle cells of the lamina propria of Reaction products were separated in 1.3% (wt/vol) agarose gels efferent ducts remained unstained (Figure 2a,b) . The specific and visualized by staining with ethidium bromide. The identity of ET-1 immunostaining was absent when the primary antibody PCR products was verified by Southern blot analyses, using [α 32 -P]-labelled cDNA probes, generated by PCR with nested primers.
was preabsorbed with ET-1 peptide (Figure 2c ). Endothelial cells of capillaries localized in the interstitium and within the lamina not all principal cells stained positive as several non-stained principal cells could be seen adjacent to the positively stained propria of efferent ducts showed no ET-1 immunostaining (Figure 2a,b) . ET-1 immunoreactivity was observed in endothelcells. In the preabsorption control, no ET-1 immunostaining was observed (Figure 2f ). ial and smooth muscle cells of large arteries throughout the entire epididymis, while interstitial veins remained unstained ( of ET-1 immunoreactivity was more clearly visualized in some protein was localized mainly in ciliated cells and some basal basal cells of efferent ducts. Peritubular smooth muscle cells of cells of the efferent ducts. In the epididymal duct some of the efferent ducts ( Figure 3a ) and epididymal duct ( Figure 3b) were principal cells and some basal cells were also positive. Whereas found to be negative. Also, in accordance with Figure 2 , positive no ET-1 immunoreactivity was detected in epididymal microvasstaining was seen in principal cells (Figure 3b) . Note that the culature, the larger arteries stained positive. ET-A and ET-B spermatozoa in the lumen of epididymal duct showed ET-1 mRNAs were detected in caput, corpus and cauda epididymidis. immunostaining (Figure 3b ).
In the efferent ducts, ET-A immunoreactivity was localized in ciliated cells. In the proximal part of the epididymal duct this ET-A was mainly in the basal cells while the distal part was devoid of Receptor subtype A (ET-A) immunoreactivity was localized in any ET-A immunoreactivity. Throughout the entire epididymis ciliated cells of the efferent ducts with a stronger staining in the the blood vessels stained positive for ET-B. Furthermore, ET-B terminal regions of these ducts (Figure 4a ). Interstitial blood immunoreactivity was also found in ciliated cells of the efferent vessels and capillaries within the lamina propria of these ducts ducts and in some peritubular smooth muscle cells of efferent remained unstained. In the epididymal duct, ET-A immunoducts and epididymal duct. Like ET-A, the distribution of ET-B staining was restricted to basal cells in the proximal region in epididymal duct also was region specific as basal cells in the (Figure 4b ) whereas the distal region was devoid of any ET-A distal part but not in the proximal part were found to contain ETimmunoreactivity (Figure 4c) . B receptors.
ET-B
The localization of ET-1 immunostaining, especially in the Immunohistochemical staining of ET-B was present mainly in apical part of the epithelium of efferent ducts, could indicate that ciliated cells of the efferent ducts (Figure 4d ). Principal cells of ET-1 is secreted into the lumen of these ducts. The spermatozoa both proximal and distal part of the epididymal duct showed no passing through the epididymal duct were also positive for ET-ET-B immunostaining (Figures 4e and f) . Basal cells of the 1. It remains to be clarified if the ET-1 present on the spermatozoa proximal part of the epididymal duct also stained negative for was endogenously produced or incorporated from secreted ET-1. ET-B (Figure 4e ). In contrast, within the distal region several, Since ET-1 is known to be a vasoconstrictor at both local and though not all, basal cells were found to stain positive for ET-B a systemic level (Simonson and Dunn, 1990) , ET-1 produced (Figure 4f ). In the lamina propria of efferent ducts as well as of and released by the epithelium of efferent ducts and epididymal epididymal duct some peritubular smooth muscle cells showed duct can be expected to influence the epididymal blood flow in a positive ET-B immunostaining (Figures 4d-f ). Throughout the a paracrine manner via ET-B receptors located in the epididymal entire epididymis capillaries were found to be positively stained interstitial blood vessels and in capillaries within the lamina for ET-B (Figures 4d-f) . It may be noted that large blood vessels, propria. although not seen here, were found in other areas to stain positive Some peritubular myoid cells of efferent ducts and epididymal for ET-B.
duct show also ET-B immunoreactivity indicating a paracrine effect of ET-1 on these cells. As ET-1 is known to cause contracDiscussion tion of non-vascular smooth muscle cells also (Simonson and Dunn, 1990) , it could be argued that ET-1 may influence the In this study, we demonstrate the presence of ET-1 and its recepcontractility of efferent and epididymal ducts. Therefore ETtors and their distribution in different tissue compartments within 1 might be important for the transport of sperm through the the human epididymis. ET-1 mRNA was detected in caput, corpus and cauda epididymidis. Immunohistochemically, ET-1 epididymis. The fact that ciliated cells of the efferent ducts contain ET-1 for the resorptive and secretory activities of these cells. In this context, it is interesting to note that ET-1 was found to be present as well as its receptors ET-A and ET-B indicates that ET-1 could act as an autocrine factor in these cells. The exact role of such in principal cells of the epididymal duct. These cells contain apical microvilli which are considered responsible for the an autocrine effect of ET-1 remains to be investigated. Since ET-A receptors are present in the apical part and on the kinocilia of absorptive and secretory activity of the epithelium (Cooper, 1995) . the ciliated cells, it can be postulated that ET-1 could influence the motility of these cilia. In addition, ET-1 could be important Another important aspect of the results presented here is the (Yeung et al., 1990; Krull et al., 1993; Pera et al., 1994) . Whether mediate contraction to endothelin-1 in human blood vessels. Circulation, 89, or not this region-specific ET-receptor distribution correlates 1203-1208. with regional differences in the secretive and resorptive activities Setchell, B.P. and Brooks, D.E. (1994) 
